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OPERATION AND BIASING FOR SINGLE 
DEVICE EQUIVALENT TO CMOS 

This application is a Continuation-In-Part of application 
Ser. No. 08/250,906 ?led on May 31, 1994, (now 
abandoned), and of application Ser. No. 08/368,149 ?led 
Dec. 29, 1994, (now US. Pat. No. 5,663,584), and of 
application Ser. No. 08/578,336, ?led Dec. 26, 1995 (now 
US. Pat. No. 5,760,449), Which is a Continuation-in-Part of 
said identi?ed applications With Ser. Nos. 08/250,906 and 
08/368,149. This application is a Continuation-In-Part of 
Application Ser. No. 60/059,270 ?led on Sep. 18, 1997. This 
application also relies on Disclosure Document No. 402672, 
?led Jul. 18, 1996. This application also Claims priority 
from Disclosure Document 433236 and CIP Utility patent 
application Ser. No. 09/033,695 ?led Mar. 3, 1998, now US. 
Pat. No. 6,091,128, Which has priority from said Ser. Nos. 
08/250,906, 08/368,149 and 08/578,336 applications and 
from Provisional Patent Application Ser. No. 60/081,705 
Which Was ?led Apr. 15, 1998, and from Provisional Appli 
cation Serial No. 60/090,085 ?led Jun. 20, 1998; and from 
Provisional Patent Application Serial No. 60/090,565 ?led 
Jun. 24, 1998. 

The invention in this application Was conceived and 
developed in part under support provided by a grant from the 
Energy Related Inventions Program of the United States 
Federal Department of Energy, Contract No. DE-FG47 
93R701314. The United States Government has certain 
rights in this invention. 

TECHNICAL AREA 

The present invention relates to semiconductor devices, 
and more particularly comprises semiconductor devices 
Which include junctions that rectify When the semiconductor 
is doped either N or P-type, by either metalurgical or ?eld 
induced means. Apreferred embodiment is formed in intrin 
sic semiconductor and is a simple to fabricate single device 
Which operates similarly to conventional dual device 
CMOS, under described biasing schemes. 

BACKGROUND 

MOSFETS, CMOS, gate voltage controlled direction of 
recti?cation, and single device inverting and single device 
non-inverting MOS semiconductor devices Which demon 
strate operating characteristics similar to those of multiple 
device Complimentary Metal Oxide Semiconductor 
(CMOS) systems have been previously described in US. 
Pat. No. 5,663,584 to Welch, and said 584 patent is incor 
porated hereinto by reference. Semiconductor devices 
described in said 584 patent operate on the basis that 
materials eXist Which produce a rectifying junction With 
semiconductor channel regions When they are doped either 
N or P-type, Whether said doping is achieved via metalur 
gical or ?eld induced means. Said materials typically form 
junctions that are termed “Schottky barrier” junctions With 
semiconductors, (in contrast to P-N Junction), hoWever, said 
terminology is not to be considered limiting to the present 
invention based upon technical de?nitions of the terminol 
ogy “Schottky barrier”, and Where the terminology “Schot 
tky barrier” junction is utiliZed in this Disclosure it is to be 
understood that it is used primarily to distinguish a junction 
described thereby from “P-N” junctions, and to identify 
junctions betWeen a semiconductor and an element Which 
are rectifying Whether N or P-type Doping is present in the 
semiconductor, and Whether said doping is present as the 
result of metalurgical or ?eld induced means. 
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2 
Another patent, US. Pat. No. 5,760,449 to Welch 

describes Source Coupled Regeneratively SWitching CMOS 
formed from a seriesed combination of N and P-Channel 
MOSFTES Which each demonstrate the special operating 
characteristics of conducting signi?cant current ?oW only 
When the Drain and Gate of a 449 patent MOSFET are of 
opposite polarity, and the Gate polarity is appropriate to 
invert a channel region. Said 449 patent is incorporated 
hereinto by reference, as are co-pending application Ser. 
Nos. 09/033,695 and 60/081,705 and 60/090,565. Also 
disclosed are patents to Lepselter, US. Pat. No. 4,300,152; 
Koeneke et al., US. Pat. No. 4,485,550; Welch, US. Pat. 
No. 4,696,093; Mihara et al., US. Pat. No. 5,049,953 and 
Homna et al. US. Pat. No. 5,177,568. A relevant article 
titled “SB-IGFET: An Insulated Gate Field Effect Transistor 
using Schottky Barrier Contacts for Source and Drain”, by 
Lepselter & SZe, Proc. IEEE, 56, January 1968, pp. 
1400—1402, is also identi?ed in said 584 patent. Further, a a 
paper by Lebedov & Sultanov, titled “Some Properties of 
Chromin-Doped Silicon”, Soviet Physics, Vol. 4, No. 11, 
May 1971 is identi?ed as it discusses formation of a recti 
fying junction by diffusion of chromium into P-type Silicon. 
Apaper by Hogeboom & Cobbold, titled “Etched Schottky 
Barrier MOSFETS Using A Single Mask, Electronics 
Letters, Vol. 7, No. 5/6, (March 1971) is also included as it 
describes formation of Schottky barrier MOSFETS by depo 
sition of Aluminum onto semiconductor. Also mentioned, 
and included herein by reference for general insight to 
semiconductor circuits and systems, is a book titled “Micro 
electronic Circuits” by Sedra and Smith, Saunders College 
Publishing, 1991. Likewise mentioned, and included herein 
by reference for the purpose of providing insight into 
semiconductor device fabrication, is a book titled “Physics 
and Technology of Semiconductor Devices”, by Grove, John 
Wiley & Sons, 1967; and a book titled “Electronic Materials 
Science: For Integrated Circuits in Si and GaAs”, Mayer & 
Lau, MacMillan, 1990. 
Even in vieW of the cited Welch US. Pat. Nos. 5,663,584 

and 5,760,449 patents, and co-pending CIP applications 
derived therefrom Which describe inverting and non 
inverting single device equivalents to conventional CMOS, 
regeneratively sWitching N and P-Channel source coupled 
CMOS, and the blocking of parasitic current ?oWs in 
semiconductor systems by use of material Which forms 
rectifying junctions With either N or P-type semiconductor 
Whether said doping is metallurgically or ?eld induced; there 
remains need for clari?cation and description of biasing and 
sWitching operational characteristics of single device 
equivalents to CMOS, particularly Where essentially 
intrinsic, or lightly doped, semiconductor is bene?cially 
utiliZed as device isolating semiconductor substrate mate 
rial. 

DISCLOSURE OF THE INVENTION 

The present invention is primarily a semiconductor device 
in a semiconductor substrate, comprising at least one junc 
tion Which is formed by introduction of non-semiconductor 
substrate material(s) to said semiconductor substrate, 
Wherein said non-semiconductor substrate material(s) form 
a rectifying junction With either N and P-type 
semiconductor, Whether said doping is metallurgically or 
?eld induced. Said non-semiconductor components can be 
material(s) or dopants entered to a semiconductor substrate 
by, for instance, a procedure comprising vacuum deposition, 
ion-implantation and/or pre-deposition and diffusion, each 
Where appropriate accompanied by annealing. And, it is 
noted that the semiconductor substrate can, prior to the 
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fabrication of present invention semiconductor devices 
therein, be initially intrinsic or doped. 

Most importantly, the present invention comprises invert 
ing and non-inverting devices With operating characteristics 
similar to dual device seriesed N and P-Channel MOSFETS 
CMOS systems. In use said inverting and non-inverting 
present invention devices, comprise tWo oppositely facing 
electrically interconnected rectifying diodes in intrinsic, or a 
single doping type semiconductor. Abasic feature of present 
invention devices is that a forWard direction of recti?cation 
of each of said electrically interconnected oppositely facing 
rectifying diodes changes depending upon What doping type, 
(N or P), be it metallurgically or ?eld induced, is present in 
the semiconductor. Said present invention inverting and 
non-inverting single device equivalents to dual device 
seriesed N and P-Channel MOSFETS CMOS systems fur 
ther comprise gate means for ?eld inducing effective doping 
type in said semiconductor, said gate means being set off 
from said semiconductor by insulator, and each has a non 
electrically interconnected terminal. In use, different volt 
ages are applied to the non-electrically interconnected ter 
minals of each of the oppositely facing rectifying diodes, 
and a voltage betWeen said applied different voltages, 
inclusive, is monitored at the electrical interconnection 
betWeen said tWo oppositely facing rectifying diodes, Which 
monitored voltage responds as a function of applied gate 
voltage. Said monitored voltage is essentially electrically 
isolated from said gate voltage and appears at said electrical 
interconnection betWeen said tWo oppositely facing rectify 
ing diodes primarily through the rectifying diode selected 
from the group consisting of: (both of said tWo oppositely 
facing electrically interconnected rectifying diodes), Which 
is caused to be forWard biased as a result of semiconductor 
“doping type” modulation by said applied gate voltage. The 
basis of operation of said inverting and non-inverting gate 
voltage channel induced semiconductor devices being that 
said rectifying junctions are each comprised of material(s) 
that form a rectifying junction to semiconductor When it is 
doped either N or P-type by either metalurgical or ?eld 
induced means. 

To aide With understanding of the present invention, an 
embodiment of an inverting gate voltage channel induced 
semiconductor device With operating characteristics similar 
to multiple device Complimentary Metal Oxide Semicon 
ductor (CMOS) systems, similar to that disclosed in US. 
Pat. No. 5,663,584 and continuations therefrom, is described 
directly herein. Said inverting gate voltage channel induced 
semiconductor device is typically, though not necessarily, 
formed in a surface region of a single doping type semicon 
ductor and comprises tWo junctions, termed source and 
drain, Which are separated by a ?rst semiconductor channel 
region, and further comprises tWo additional junctions, 
termed source and drain, Which are separated by a second 
semiconductor channel region. Gates, to Which semiconduc 
tor channel region effecting voltage can be applied, are 
associated With each of the ?rst and second semiconductor 
channel regions, said gates being offset from said ?rst and 
second semiconductor channel regions by insulating mate 
rial. During use, application a suf?cient positive voltage to 
said gates Will attract electrons to said ?rst and second 
semiconductor channel regions, and application of suf?cient 
negative voltage to said gates Will attract holes to said ?rst 
and second semiconductor channel regions, the purpose of 
applying such gate voltage being to modulate the effective 
doping type of said ?rst and second semiconductor channel 
regions betWeen respective source and drain junctions, 
Which source junctions are each essentially non-rectifying, 

15 

25 

35 

45 

55 

65 

4 
and Which drain junctions are rectifying junctions. Said 
rectifying junctions can each be a Schottky barrier junction 
comprising a semiconductor and non-semiconductor com 
ponent. HoWever, any junction Which performs the function 
required, (ie. the formed junction is rectifying When either N 
or P-type doping is present in the semiconductor, Whether 
metallurgical or ?eld induced), is Within the scope of the 
present invention. And, it is speci?cally to be understood 
that such junctions can be formed by ion implantation, or 
diffusion procedures as reported by Lebedev and Sultanov in 
the reference thereby cited in the Background Section 
herein, Which reference disclosed diffusion chromium into 
P-type Silicon and thereby formed rectifying junctions. (It is 
to be understood, that Where ion implantation or diffusion 
etc. techniques are applied to place junction forming 
material(s) into a semiconductor, the resulting junctions can 
still be described as being Schottky barriers, perhaps not in 
the standard sense of being a metal directly bonded to a 
semiconductor, but in the sense that a material forms a 
rectifying junction—other than a P-N junction—in said 
semiconductor. Also, even Where a metal is deposited onto 
a semiconductor, and annealing is applied to the resulting 
system, some diffusion of the deposited metal per se. can 
occur into the semiconductor or a compound can form Which 
extends into the semiconductor, leaving the boundary 
betWeen What is purely a Schottky barrier and What involves 
a diffusion formed junction a bit “grey”). 

Continuing, in the directly folloWing, for purposes of 
description, said rectifying junctions are assumed to be 
Schottky barrier junctions comprising semiconductor and 
non-semiconductor components, and a non-semiconductor 
component of the rectifying Schottky barrier drain junction 
associated With said ?rst semiconductor channel region of 
said inverting gate voltage channel induced semiconductor 
device With operating characteristics similar to multiple 
device Complimentary Metal Oxide Semiconductor 
(CMOS) systems, is electrically interconnected With a non 
semiconductor component of the rectifying Schottky barrier 
drain junction associated With said second semiconductor 
channel region, and said gates associated With the ?rst and 
second channel regions are electrically interconnected. Dur 
ing operation the electrically non-interconnected essentially 
non-rectifying source junctions are held at different 
voltages, and application of a gate voltage controls effective 
semiconductor channel region doping type in both said ?rst 
and second channel regions, and thus Which electrically 
interconnected rectifying Schottky barrier drain junction 
forWard conducts and Which does not forWard conduct, 
thereby controlling the voltage present at the non 
semiconductor components of the electrically intercon 
nected Schottky barrier drain junctions essentially through 
said forWard conducting rectifying semiconductor Schottky 
barrier junction. In said inverting gate voltage channel 
induced semiconductor device an increase in applied Gate 
voltage leads to a decrease in the voltage present at the 
non-semiconductor components of the electrically intercon 
nected Schottky barrier drain junctions, Which can be 
accessed via a junction thereto. It is to be noted that said 
non-semiconductor components of said Schottky barrier 
drain junctions are present “betWeen” said ?rst and second 
channel regions, as said term “betWeen” is utiliZed herein, 
(ie. electrically betWeen). (Note, special discussion of opera 
tional bias characteristics of inverting gate voltage channel 
induced semiconductor device With operating characteristics 
similar to multiple device Complimentary Metal Oxide 
Semiconductor (CMOS) systems, particularly When formed 
in intrinsic semiconductor, (and Where a constant polarity 
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voltage source is applied across the electrically non 
interconnected essentially ohmic junctions is utilized), is 
found in the Detailed Description of this Disclosure). 

Particularly Where an inverting gate voltage channel 
induced semiconductor device With operating characteristics 
similar to multiple device Complimentary Metal Oxide 
Semiconductor (CMOS) systems is formed in essentially 
intrinsic semiconductor, the operational description is ben 
e?cially slightly revised. Said inverting gate voltage channel 
induced semiconductor device formed an intrinsic semicon 
ductor substrate still comprises tWo junctions, termed source 
and drain, Which are separated by a ?rst semiconductor 
channel region, and still further comprises tWo additional 
junctions, termed source and drain, Which are separated by 
a second semiconductor channel region. Gates, to Which 
semiconductor channel region effecting voltage can be 
applied, are still associated With each of the ?rst and second 
semiconductor channel regions, said gates being offset from 
said ?rst and second semiconductor channel regions by 
insulating material. During use application of suf?cient 
positive voltage to said gates still attracts electrons to said 
?rst and second semiconductor channel regions, and appli 
cation of suf?cient negative voltage to said gates still attracts 
holes to said ?rst and second semiconductor channel 
regions, the purpose of applying such gate voltage being to 
modulate the effective doping type of said ?rst and second 
semiconductor channel regions betWeen respective source 
and drain junctions. HoWever, the source junctions are each 
essentially non-rectifying only When sufficient gate voltage 
induced doping is present in the channel region adjacent 
thereto, and the drain junctions are rectifying (Schottky 
barrier) junctions only When sufficient gate voltage induced 
doping is caused to be present in the channel region adjacent 
thereto. Again assuming said “potentially” rectifying junc 
tions are Schottky barrier junctions and each comprises 
semiconductor and non-semiconductor components, a non 
semiconductor component of the “potentially” rectifying 
(Schottky barrier) drain junction associated With said ?rst 
semiconductor channel region is again electrically intercon 
nected With a non-semiconductor component of the “poten 
tially” rectifying (Schottky barrier) drain junction associated 
With said second semiconductor channel region, and said 
gates are again electrically interconnected. During operation 
the electrically non-interconnected “potentially” essentially 
non-rectifying source junctions are held at different, prefer 
ably same polarity, voltages. Said voltages can be selected 
from the group consisting of: (positive and negative With 
respect to ground inclusive of ground). Application of a gate 
voltage selected from the group consisting of: (positive and 
negative), controls effective semiconductor channel region 
doping type in said ?rst and second channel regions to be a 
selection from the group consisting of: (essentially non 
conductive intrinsic and doped to the same type selected 
from the group consisting of: (n-type and p-type), at doping 
levels selected from the group consisting of: (essentially 
equal and different in said ?rst and second channels)). Thus 
is determined Which electrically interconnected rectifying 
(Schottky barrier) drain junction forms in said otherWise 
intrinsic semiconductor substrate and forWard conducts, 
thereby controlling the voltage present at the non 
semiconductor components of the electrically intercon 
nected (Schottky barrier) drain junctions essentially through 
said formed forWard conducting rectifying semiconductor 
(Schottky barrier) junction. The basis of operation is that 
intrinsic semiconductor is essentially non-conductive but 
that said (Schottky barrier) junctions associated With said 
?rst and second semiconductor channel regions are com 
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6 
prised of material(s) that form a rectifying junction to a 
semiconductor channel region When it is caused to be doped 
either N or P-type by ?eld induced means. It is to be 
understood that the semiconductor substrate channel region 
and adjacent (Schottky barrier) junction Which is not for 
Ward conducting can be characteriZed as a selection from the 
group consisting of: (being an essentially intrinsic channel 
region; being functionally comprised of tWo regions across 
Which voltage can drop, namely an onset of pinch-off region 
and an essentially intrinsic channel region; and being func 
tionally comprised of three regions across Which voltage can 
drop, namely an onset of pinch-off region, a portion of the 
channel region Which is populated With some gate voltage 
induced carriers, and a reverse biased (Schottky barrier) 
junction). Additionally, the semiconductor substrate channel 
region and adjacent (Schottky barrier) junction Which is 
forWard conducting can be characteriZed as comprising a 
doped channel region and a forWard biased (Schottky 
barrier) junction. 

Of course operation of inverting gate voltage channel 
induced semiconductor devices With operating characteris 
tics similar to multiple device Complimentary Metal Oxide 
Semiconductor (CMOS) systems formed in a lightly doped 
single doping type semiconductor is essentially similarly 
described, or ?nds description inherent in a combination of 
said foregoing descriptions of single device equivalent to 
CMOS formed in doped and in essentially intrinsic semi 
conductor. 
A non-inverting gate voltage channel induced semicon 

ductor device With operating characteristics similar to mul 
tiple device Complimentary Metal OXide Semiconductor 
(CMOS) systems is formed in a single doping type semi 
conductor and comprises tWo junctions, termed source and 
drain, Which are separated by a ?rst semiconductor channel 
region, and further comprises tWo additional junctions, 
termed source and drain, Which are separated by a second 
semiconductor channel region. Gates to Which semiconduc 
tor channel region effecting voltage can be applied are 
associated With each of the ?rst and second semiconductor 
channel regions, said gates being offset from said ?rst and 
second semiconductor channel regions by insulating mate 
rial. During use, application a suf?cient positive voltage to 
said gates Will attract electrons to said ?rst and second 
semiconductor channel regions, and application of suf?cient 
negative voltage to said gates Will attract holes to said ?rst 
and second semiconductor channel regions, the purpose of 
applying such gate voltage being to modulate the effective 
doping type of said ?rst and second semiconductor channel 
regions betWeen respective source and drain junctions, 
Which source junctions are each essentially non-rectifying, 
and Which drain junctions are rectifying (Schottky barrier) 
junctions. Again, for purposes of discussion, assuming the 
rectifying junctions are Schottky barrier junctions Which 
each comprise a semiconductor and non-semiconductor 
component, in the non-inverting gate voltage channel 
induced semiconductor device the non-rectifying source 
junction associated With said ?rst channel region and the 
non-rectifying source junction associated With the second 
channel region are electrically interconnected, and said gates 
associated With the ?rst and second channel regions are 
electrically interconnected. During operation non 
semiconductor components of electrically non 
interconnected rectifying (Schottky barrier) source junctions 
are held at different voltages, and application of a gate 
voltage controls effective semiconductor channel region 
doping type in both said ?rst and second channel regions, 
and thus Which electrically non-interconnected rectifying 
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(Schottky barrier) source junction forward conducts and 
Which does not forward conduct, thereby controlling the 
voltage present at the electrically interconnected essentially 
non-rectifying source junctions through said forWard con 
ducting rectifying (Schottky barrier) junction. In said non 
inverting gate voltage channel induced semiconductor 
device an increase in applied Gate voltage leads to an 
increase in the voltage appearing at the electrically inter 
connected essentially non-rectifying source junctions. It is to 
be noted that said essentially non-rectifying source junctions 
are present “betWeen” said ?rst and second channel regions, 
as said term “betWeen” is utiliZed herein. 
Where Intrinsic semiconductor is utiliZed, the description 

is bene?cially slightly revised. Said non-inverting gate volt 
age channel induced semiconductor device With operating 
characteristics similar to multiple device Complimentary 
Metal Oxide Semiconductor (CMOS) systems formed in a 
essentially intrinsic semiconductor substrate still comprises 
tWo junctions, termed source and drain, Which are separated 
by a ?rst semiconductor channel region, and still further 
comprises tWo additional junctions, termed source and drain, 
Which are separated by a second semiconductor channel 
region. Gates to Which semiconductor channel region effect 
ing voltage can be applied are still associated With each of 
the ?rst and second semiconductor channel regions, said 
gates being offset from said ?rst and second semiconductor 
channel regions by insulating material. During use, appli 
cation of suf?cient positive voltage to said gates still attracts 
electrons to said ?rst and second semiconductor channel 
regions, and application of suf?cient negative voltage to said 
gates still attracts holes to said ?rst and second semicon 
ductor channel regions, the purpose of applying such gate 
voltage being to modulate the effective doping type of said 
?rst and second semiconductor channel regions betWeen 
respective source and drain junctions, Which source junc 
tions are each potentially essentially non-rectifying When 
sufficient ?eld-induced doping is attracted into said ?rst and 
second channel regions, and Which drain junctions are 
potentially rectifying (Schottky barrier) junctions When suf 
?cient ?eld-induced doping is attracted into said ?rst and 
second channel regions. Again assuming said potentially 
rectifying junctions are Schottky barrier junctions Which 
each comprise a semiconductor and non-semiconductor 
component, in the non-inverting gate voltage channel 
induced semiconductor device the potentially non-rectifying 
source junction associated With said ?rst channel region and 
the potentially non-rectifying source junction associated 
With the second channel region are electrically 
interconnected, and said gates associated With the ?rst and 
second channel regions are electrically interconnected. Dur 
ing operation non-semiconductor components of electrically 
non-interconnected potentially rectifying (Schottky barrier) 
drain junctions are held at different voltages, and application 
of a gate voltage controls effective semiconductor channel 
region doping type in both said ?rst and second channel 
regions, and thus Which electrically non-interconnected rec 
tifying (Schottky barrier) source junction forms and forWard 
conducts and Which does not, thereby controlling the voltage 
present at the formed electrically interconnected essentially 
non-rectifying source junctions, through said forWard con 
ducting rectifying (Schottky barrier) junction. In said non 
inverting gate voltage channel induced semiconductor 
device an increase in applied Gate voltage leads to an 
increase in the voltage appearing at the electrically inter 
connected essentially non-rectifying source junctions Which 
form. It is to be noted that said essentially non-rectifying 
source junctions are present “betWeen” said ?rst and second 
channel regions, as said term “betWeen” is utiliZed herein. 
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8 
The basis of operation of both said inverting and non 

inverting gate voltage channel induced semiconductor 
devices is that said (Schottky barrier) junctions are formed 
from said ?rst and second semiconductor channel regions 
and material(s) Which provide a rectifying junction to a 
semiconductor channel region When it is doped Wither N or 
P-type, Whether said doping is achieved via metalurgical or 
?eld induced means. 

In both said inverting and non-inverting gate voltage 
channel induced semiconductor devices the electrically 
interconnected drain, or electrically interconnected source, 
junctions comprise an essentially electrically isolated, (from 
said gates), terminal, and said electrical interconnection 
betWeen sources, (non-inverting case), or drains, (inverting 
case), can be considered to be electrically interconnected to 
a separate or essentially integrated thereinto essentially 
electrically isolated terminal. In particular said “essentially 
electrically isolated terminal” can be an integral indistin 
guishable unit With an electrical interconnection betWeen 
non-semiconductor components of a Schottky barrier junc 
tion Which are present outside of, (ie. “betWeen”), ?rst and 
second channel regions in an inverting single device With 
operating characteristics similar to multiple device (CMOS) 
systems, or similarly, With ohmic junctions betWeen ?rst and 
second channel regions. Such an “essentially electrically 
isolated terminal” can also be considered to contact said 
electrically interconnected sources or drains by a “junction” 
thereto. The concept of an essentially electrically isolated 
terminal is identi?ed as it provides analogy to conventional 
(CMOS), but as in conventional (CMOS) its discrete pres 
ence is not pivotal. Also, it is speci?cally noted that the Word 
“betWeen” does not imply a physical, geometrical direct 
placement of a junction or other contact, but rather refers 
more to an electrical continuity With junction components 
“outside” of both channel regions per se. For instance, a 
junction placed to the right or left or top or bottom of ?rst 
and/or second channel regions Which are located vertically 
one above the other, is still “betWeen” said ?rst and second 
channel regions, as it is not Within said ?rst or second 
channel regions. Said otherWise, any geometrical location of 
any channel regions, contact(s) or junction(s) etc., consistent 
With described functional operation of single device equiva 
lents to multiple device (CMOS) is to be considered Within 
the scope of Claimed invention, emphasis added. 

Continuing, an alternative description of an inverting gate 
voltage channel induced semiconductor device With operat 
ing characteristics similar to multiple device Complimentary 
Metal Oxide Semiconductor (CMOS) systems, provides that 
said inverting gate voltage channel induced semiconductor 
device be formed in a single doping type semiconductor and 
comprise tWo junctions, termed source and drain, Which are 
separated by a ?rst semiconductor channel region, and 
further comprise tWo additional junctions, termed source 
and drain, Which are separated by a second semiconductor 
channel region. Gates, to Which semiconductor channel 
region doping effecting voltage can be applied, are associ 
ated With each of the ?rst and second semiconductor channel 
regions, said gates being offset from said ?rst and second 
semiconductor channel regions by insulating material. Dur 
ing use application a suf?cient positive voltage to said gates 
Will attract electrons to said ?rst and second semiconductor 
channel regions, and such that application of suf?cient 
negative voltage to said gates Will attract holes to said ?rst 
and second semiconductor channel regions, the purpose of 
applying such gate voltage being to modulate the effective 
doping type of said ?rst and second semiconductor channel 
regions betWeen respective source and drain junctions, 
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Which source junctions are each essentially non-rectifying, 
and Which drain junctions are rectifying junctions. In said 
inverting gate voltage channel induced semiconductor 
device the rectifying drain junction associated With said ?rst 
semiconductor channel region is electrically interconnected 
With the rectifying drain junction associated With said sec 
ond semiconductor channel regions, and 

said gates associated With said ?rst and second channel 
regions are electrically interconnected. During opera 
tion the electrically non-interconnected essentially non 
rectifying source junctions are held at different 
voltages, and application of a gate voltage controls 
effective semiconductor channel region doping type in 
both said ?rst and second channel regions, and thus 
Which electrically interconnected rectifying drain junc 
tion forWard conducts and Which does not forWard 
conduct, thereby controlling the voltage present at the 
electrically interconnected rectifying drain junctions 
essentially through said forWard conducting rectifying 
drain junction. The basis of operation of said inverting 
gate voltage channel induced semiconductor device is 
that said rectifying drain junctions associated With said 
?rst and second semiconductor channel regions thereof 
are comprised of material(s) that form a rectifying 
junction to a semiconductor channel region When it is 
doped either N or P-type by either metalurgical or ?eld 
induced means. 

An alternative description of a non-inverting gate voltage 
channel induced semiconductor device With operating char 
acteristics similar to multiple device Complimentary Metal 
Oxide Semiconductor (CMOS) systems, provides that said 
non-inverting gate voltage channel induced semiconductor 
device is formed in a single doping type semiconductor and 
comprises tWo junctions, termed source and drain, Which are 
separated by a ?rst semiconductor channel region, and 
further comprises tWo additional junctions, termed source 
and drain, Which are separated by a second semiconductor 
channel region, Wherein gates, to Which semiconductor 
channel region doping effecting voltage can be applied, are 
associated With each of the ?rst and second semiconductor 
channel regions, said gates being offset from said ?rst and 
second semiconductor channel regions by insulating mate 
rial. During use application a suf?cient positive voltage to 
said gates Will attract electrons to said ?rst and second 
semiconductor channel regions, and application of suf?cient 
negative voltage to said gates Will attract holes to said ?rst 
and second semiconductor channel regions, the purpose of 
applying such gate voltage being to modulate the effective 
doping type of said ?rst and second semiconductor channel 
regions betWeen respective source and drain junctions, 
Which source junctions are each essentially non-rectifying, 
and Which drain junctions are rectifying junctions. The 
essentially non-rectifying source junction associated With 
said ?rst channel region and the essentially non-rectifying 
source junction associated With the second channel region 
are electrically interconnected, and said gates associated 
With said ?rst and second channel regions are electrically 
interconnected. During operation the electrically non 
interconnected rectifying drain junctions are held at different 
voltages, and application of a gate voltage controls effective 
semiconductor channel region doping type in both said ?rst 
and second channel regions, and thus Which electrically 
non-interconnected rectifying drain junction forWard con 
ducts and Which does not forWard conduct, thereby control 
ling the voltage present at the electrically interconnected 
essentially non-rectifying source junctions through said for 
Ward conducting rectifying drain junction. The basis of 
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operation of said non-inverting gate voltage channel induced 
semiconductor devices being that said rectifying drain junc 
tions associated With said ?rst and second semiconductor 
channel regions thereof are comprised of material(s) that 
form a rectifying junction to a semiconductor channel region 
When it is doped either N or P-type by either metalurgical or 
?eld induced means. 
As another alternative description of a non-inverting gate 

voltage channel induced semiconductor device With operat 
ing characteristics similar to multiple device Complimentary 
Metal Oxide Semiconductor (CMOS) systems, said non 
inverting gate voltage channel induced semiconductor 
device is formed in a single doping type semiconductor and 
comprises toW junctions, termed source and drain, Which are 
separated by a semiconductor channel region, Wherein a 
gate, to Which semiconductor channel region doping effect 
ing voltage can be applied, is associated With said semicon 
ductor channel region, said gate being offset from said 
semiconductor channel region by insulating material. Dur 
ing use application a suf?cient positive voltage to said gate 
Will attract electrons to said semiconductor channel region, 
and application of suf?cient negative voltage to said gate 
Will attract holes to said semiconductor channel region, the 
purpose of applying such gate voltage being to modulate the 
effective doping type of said semiconductor channel region 
betWeen said source and drain junctions, Which source and 
drain junctions are both rectifying junctions. Said non 
inverting gate voltage channel induced semiconductor 
device With operating characteristics similar to multiple 
device Complimentary Metal Oxide Semiconductor 
(CMOS) systems further comprises an electrical contact to 
said channel region. During operation the rectifying source 
and drain junctions are held at different voltages, and 
application of a gate voltage controls effective semiconduc 
tor channel region doping type in said channel region, and 
thus Which rectifying junction forWard conducts and Which 
does not forWard conduct, thereby controlling the voltage 
present at the electrical contact to said channel region 
essentially through said forWard conducting rectifying junc 
tion. Again, the basis of operation of said non-inverting gate 
voltage channel induced semiconductor device being that 
said rectifying junctions associated With a semiconductor 
channel region are comprises of material(s) that form a 
rectifying junction to semiconductor channel region When it 
is doped either N or P-type by either metalurgical or ?eld 
induced means. 

Another description of the present invention inverting and 
non-inverting devices With operating characteristics similar 
to dual device seriesed N or P-Channel MOSFETS CMOS 
systems provides that in use, tWo oppositely facing electri 
cally interconnected rectifying diodes in intrinsic, or a single 
doping type semiconductor are formed, each of said elec 
trically interconnected rectifying diodes having an acces 
sible terminal. A forWard direction of recti?cation of each of 
said electrically interconnected rectifying diodes changes 
depending upon What doping type, (N or P), be it metallur 
gically or ?eld induced, is present in the semiconductor, said 
inverting and non-inverting single device equivalents to dual 
device seriesed N or P-Channel MOSFETS CMOS systems 
further comprises gate means for ?eld inducing effective 
doping type in said semiconductor, said gate means being set 
off from said semiconductor by insulator; Wherein, in use, 
different voltages are applied to each accessible terminal of 
each of the oppositely facing rectifying diodes, and a voltage 
betWeen said applied different voltages, inclusive, is moni 
tored at the electrical interconnection betWeen said tWo 
oppositely facing rectifying diodes, Which monitored volt 
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age responds as a function of applied gate voltage, said 
monitored voltage being essentially electrically isolated 
from said gate voltage and appearing at said electrical 
interconnection betWeen said tWo oppositely facing rectify 
ing diodes primarily through the rectifying diode selected 
from the group consisting of: (said tWo oppositely facing 
electrically interconnected rectifying diodes), Which is 
caused to be forWard biased as a result of semiconductor 
doping type modulation by said applied gate voltage. 

Apresent invention semiconductor device With operating 
characteristics similar to multiple device Complimentary 
Metal Oxide Semiconductor (CMOS) systems can also be 
described as being formed in a semiconductor substrate and 
comprising at least one rectifying junction Which is formed 
from non-semiconductor substrate and semiconductor sub 
strate components, Wherein said junction non 
semiconductor substrate component is comprised of 
material(s) Which, in use, form a rectifying junction With 
either N and P-type semiconductor, Whether metallurgically 
or ?eld induced. 

Another description of a present invention inverting gate 
voltage channel induced semiconductor device With operat 
ing characteristics similar to multiple device Complimentary 
Metal Oxide Semiconductor (CMOS) systems, provides that 
said inverting gate voltage channel induced semiconductor 
device be formed in an intrinsic or single doping-type 
semiconductor substrate and comprises tWo junctions, 
termed source and drain, Which are separated by a ?rst 
semiconductor channel region, and further comprises tWo 
additional junctions, termed source and drain, Which are 
separated by a second semiconductor channel region. Gates, 
to Which semiconductor channel region effecting voltage can 
be applied, are associated With each of the ?rst and second 
semiconductor channel regions, said gates being offset from 
said ?rst and second semiconductor channel regions by 
insulating material. During use application a sufficient posi 
tive voltage to said gates Will attract electrons to said ?rst 
and second semiconductor channel regions, and such that 
application of suf?cient negative voltage to said gates Will 
attract holes to said ?rst and second semiconductor channel 
regions, the purpose of applying such gate voltage being to 
modulate the effective doping type of said ?rst and second 
semiconductor channel regions betWeen respective source 
and drain junctions, Which source junctions are each essen 
tially non-rectifying When suf?cient gate voltage induced 
doping is present in the channel region adjacent thereto, and 
Which drain junctions are rectifying junctions When suf? 
cient gate voltage induced doping is caused to be present in 
the channel region adjacent thereto. A rectifying drain junc 
tion With said ?rst semiconductor channel region is electri 
cally interconnected With a rectifying drain junction asso 
ciated With said second semiconductor channel region, and 
in Which said gates are electrically interconnected. During 
operation the electrically non-interconnected essentially 
non-rectifying source junctions are held at different 
voltages, and application of a gate voltage selected from the 
group consisting of: (positive and negative), controls effec 
tive semiconductor channel region doping type in said ?rst 
and second channel regions to be a selection from the group 
consisting of: (essentially non-conductive intrinsic and 
doped to the same type selected from the group consisting 
of: (N-type and P-type), at doping levels selected from the 
group consisting of: (essentially equal and different)); and 
thus Which electrically interconnected rectifying drain junc 
tion in said single doping type semiconductor substrate 
forms and forWard conducts, thereby controlling the voltage 
present at the electrically interconnected rectifying drain 
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junctions essentially through said formed forWard conduct 
ing rectifying drain junction. The basis of operation is that 
said rectifying junctions associated With said ?rst and sec 
ond semiconductor channel regions are comprised of mate 
rials that form a rectifying junction to a semiconductor 
channel region When it is caused to be doped either N or 
P-type by either metallurgical or ?eld induced means. 

It is further noted that the described semiconductor sub 
strate channel region and junction Which is not forWard 
conducting is characteriZed by at least one selection from the 
group consisting of: 

a. being an essentially intrinsic channel region; 
b. being functionally comprised of tWo regions across 

Which voltage can drop, namely an onset of pinch-off 
region and an essentially intrinsic channel region; 

c. being functionally comprised of three regions across 
Which voltage can drop, namely an onset of pinch-off 
region, a portion of the channel region Which is popu 
lated With some gate voltage induced carries, and a 
reverse biased rectifying junction. 

Also, the inverting gate voltage channel induced semi 
conductor device semiconductor substrate channel region 
and adjacent junction Which is forWard conducting is char 
acteriZed as comprising a doped channel region and a 
forWard biased junction. 

Another description of a present invention non-inverting 
gate voltage channel induced semiconductor device With 
operating characteristics similar to multiple device Compli 
mentary Metal Oxide Semiconductor (CMOS) systems, said 
non-inverting gate voltage channel induced semiconductor 
device being formed in an intrinsic or single doping-type 
semiconductor substrate and comprising tWo junctions, 
termed source and drain, Which are separated by a ?rst 
semiconductor channel region, and further comprising tWo 
additional junctions, termed source and drain, Which are 
separated by a second semiconductor channel region. Gates, 
to Which semiconductor channel region effecting voltage can 
be applied, are associated With each of the ?rst and second 
semiconductor channel regions, said gates being offset from 
said ?rst and second semiconductor channel regions by 
insulating material. During use application a suf?cient posi 
tive voltage to said gates Will attract electrons to said ?rst 
and second semiconductor channel regions, and application 
of suf?cient negative voltage to said gates Will attract holes 
to said ?rst and second semiconductor channel regions, the 
purpose of applying such gate voltage being to modulate the 
effective doping type of said ?rst and second semiconductor 
channel regions betWeen respective source and drain 
junctions, Which source junctions are each essentially non 
rectifying When suf?cient gate voltage induced doping is 
present in the channel region adjacent thereto, and Which 
drain junctions are rectifying junctions When suf?cient gate 
voltage induced doping is caused to be present in the channel 
region adjacent thereto. In said non-inverting gate voltage 
channel induced semiconductor device the potentially essen 
tially ohmic source junction associated With said ?rst semi 
conductor channel region is electrically interconnected With 
a the potentially ohmic source junction associated With said 
second semiconductor channel region, and in Which said 
gates are electrically interconnected. During operation the 
electrically non-interconnected potentially rectifying drain 
junctions are held at different voltages, and application of a 
gate voltage selected from the group consisting of: (positive 
and negative), controls effective semiconductor channel 
region doping type in said ?rst and second channel regions 
to be a selection from the group consisting of: (essentially 
non-conductive intrinsic and doped to the same type selected 
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from the group consisting of: (n-type and p-type), at doping 
levels selected from the group consisting of: (essentially 
equal and different)); and thus controls formation of a 
forward conducting rectifying drain junction in said semi 
conductor substrate, thereby controlling the voltage present 
at the electrically interconnected potentially ohmic source 
junction essentially through said formed forWard conducting 
rectifying junction. The basis of operation being that intrin 
sic semiconductor is essentially non-conductive but that said 
rectifying junctions associated With said ?rst and second 
semiconductor channel regions are comprised of material(s) 
that form a rectifying junction to a semiconductor channel 
region When it is caused to be doped either N or P-type by 
?eld induced means. 

The semiconductor substrate channel region and adjacent 
rectifying junction Which is not forWard conducting is 
characteriZed by at least one selection from the group 
consisting of: 

a. being an essentially intrinsic channel region; 
b. being functionally comprised of tWo regions across 

Which voltage can drop, namely a portion of the chan 
nel region Which is populated With some gate voltage 
induced carriers, and a reverse biased rectifying junc 
tion. 

The semiconductor substrate channel region and adjacent 
rectifying junction Which is forWard conducting is charac 
teriZed as comprising a ?eld induced doped channel region 
and a forWard biased rectifying junction. 
Any of the above described inverting and non-inverting 

gate voltage channel induced semiconductor device With 
operating characteristics similar to multiple device Compli 
mentary Metal Oxide Semiconductor (CMOS) systems can 
further comprise a voltage bias source connected across aid 
electrically non-interconnected essentially non-rectifying 
source junctions so that they are held at different voltages, 
said voltage bias source optionally providing contact to the 
back of said semiconductor substrate. 

Apresent invention modulator is described as comprising 
in use, tWo oppositely facing electrically interconnected 
rectifying diodes in intrinsic, or a single doping type 
semiconductor, each of said electrically interconnected rec 
tifying diodes having an accessible terminal, Wherein a 
forWard direction of recti?cation of each of said electrically 
interconnected rectifying diodes changes depending upon 
What doping type, (N or P), be it metallurgically or ?eld 
induced, is present in the semiconductor. Said modulator 
further comprises gate means for ?eld inducing effective 
doping type in said semiconductor, said gate means being set 
off from said semiconductor by insulating material, such that 
during use application of suf?cient positive voltage to said 
gate Will attract electrons to said semiconductor channel 
region, and such that application of suf?cient negative 
voltage to said gate Will attract holes to said semiconductor 
channel region, the purpose of applying such gate voltage 
being to modulate the effective doping type of said semi 
conductor channel region betWeen the source and drain 
junctions, said source junction being essentially non 
rectifying, and said drain junction being rectifying, and each 
of said electrically interconnected rectifying diodes having a 
non-electrically interconnected terminal, such that, in use, a 
varying voltage is applied betWeen the non-electrically 
interconnected terminals of the oppositely facing rectifying 
diodes, and a varying voltage is monitored at the electrical 
interconnection betWeen said tWo oppositely facing rectify 
ing diodes, Which monitored varying voltage is a modulated 
function of said varying voltage applied betWeen the non 
electrically interconnected terminals of the oppositely facing 
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rectifying diodes and a varying applied gate voltage, said 
monitored varying voltage being essentially electrically iso 
lated from said varying applied gate voltage and appearing 
at said electrical interconnection betWeen said tWo oppo 
sitely facing rectifying diodes primarily through one of said 
oppositely facing rectifying diodes Which is caused to be 
forWard biased as a result of semiconductor doping type 
modulation caused by application of said varying gate 
voltage. 
A present invention gate voltage channel induced semi 

conductor device With operating characteristics similar to a 
non-latching SCR, can be described as a gate voltage 
channel induced semiconductor device being formed in 
intrinsic or a single doping type semiconductor and com 
prising tWo junctions, termed source and drain, Which are 
separated by a semiconductor channel region, Wherein a 
gate, to Which semiconductor channel region doping effect 
ing voltage can be applied, is associated With said semicon 
ductor channel region, said gate being offset from said 
semiconductor channel region by insulating material. Dur 
ing use application a suf?cient positive voltage to said gate 
Will attract electrons to said semiconductor channel region, 
and 

application of suf?cient negative voltage to said gate Will 
attract holes to said semiconductor channel region, the 
purpose of applying such gate voltage being to modu 
late the effective doping type of said semiconductor 
channel region betWeen the source and drain junctions, 
said source junction being essentially non-rectifying, 
and said drain junction being rectifying. Said gate 
voltage channel induced semiconductor device With 
operating characteristics similar to a non-latching SCR 
further comprises a source of voltage, such that during 
operation a voltage is applied therefrom across said 
source and drain junctions, and application of a gate 
voltage controls effective semiconductor channel 
region doping type in said channel region, and thus if 
said rectifying drain junction forWard conducts or does 
not forWard conduct, thereby controlling the How of 
current through rectifying drain junction betWeen 
reverse bias and forWard bias levels. Again, the basis of 
operation is that said rectifying drain junction is com 
prised of materials(s) that form a rectifying junction to 
a semiconductor channel region When it is doped either 
N or P-type by either metalurgical or ?eld induced 
means. 

In any of the described present invention semiconductor 
devices (eg. inverting and non-inverting gate voltage chan 
nel induced semiconductor device With operating character 
istics similar to multiple device Complimentary Metal Oxide 
Semiconductor (CMOS) systems, modulators and non 
latching SCR’s), at least one present junction (eg. source or 
drain), can be characteriZed by at least one selection from 
the group consisting of: (being formed in a region etched 
into the semiconductor, being formed by a process compris 
ing vacuum deposition of said material(s) onto said 
semiconductor, being formed by a process comprising dif 
fusion of said material(s) into said semiconductor, being 
formed by a process comprising ion-implantation of said 
material(s) into said semiconductor, and being comprises of 
material(s) Which form a barrier height of approximately 
half the band-gap of the semiconductor). 

In any of the described present invention semiconductor 
devices, (eg. inverting and non-inverting gate voltage chan 
nel induced semiconductor device With operating character 
istics similar to multiple device Complimentary Metal Oxide 
Semiconductor (CMOS) systems, modulators and non 
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latching SCR’s), the semiconductor substrate can further 
comprise at least one region of parasitic current ?oW block 
ing material therein Which is optionally physically separate 
from the semiconductor device and presents parasitic cur 
rents from ?owing to or aWay therefrom through said region 
of parasitic current ?oW blocking material; Which at least 
one region of parasitic current ?oW blocking material forms 
rectifying junctions With both N and P-type ?eld induced 
semiconductor. 

It is also noted that an inverting gate voltage channel 
induced semiconductor device can be fabricated by a ?ve 
mask procedure comprising, in a functional order, the steps 
of: 

a. providing a silicon substrate from the group consisting 
of: (intrinsic and doped); 

b. groWing a depth of silicon dioxide atop thereof for use 
as a gate oxide adjacent to a gate voltage ?eld induced 
channel region; 
optionally implanting N or P-type channel doping 
regions; 

d. etching tWo source openings through said silicon diox 
ide to 

. depositing aluminum atop the silicon dioxide such that 
it contacts the silicon through the tWo etched source 
openings; 
etching an “8” shaped pattern around the sources 
through the aluminum and silicon dioxide to the silicon 
so that one source is present in each of said regions of 
said “8” shaped pattern using a second mask and 
photolithography techniques, (or alternatively etching 
only a region betWeen the tWo source openings from 
step d.); 

. optionally continuing said etch performed in step f. into 
said silicon; 

. depositing a material Which forms rectifying junctions 
With either N or P-type silicon When in contact there 
With and annealed, and annealing to form rectifying 
junctions Where said deposited material contacts said 
silicon; 

. by selective acid etching removing un-reacted material 
Which Was deposited in step h.; 

. delineating the sources from the gates Which surround 
each of said sources and Which are surrounded by said 
etched “8” pattern, said gates being the aluminum 
deposited in step e. and remaining present betWeen 
each said source and said “8” shaped pattern using a 
third mask and photolithography techniques, (or alter 
natively around the region betWeen the tWo source 
openings from step d.); 

k. depositing insulator over the entire surface of the 
structure; 

1. etching openings through said insulator to provide 
access the gates, sources and “8” shaped region, (or 
alternatively etching only a region betWeen the tWo 
source openings from step d.), using a forth mask and 
photolithography techniques; 

In depositing aluminum over the entire surface of the 
deposited insulator; 

n. etching said aluminum deposited in step In to delineate 
tWo sources, “8”, (or alternatively only a region 
betWeen the tWo source openings from step d.) and gate 
contact pads using a ?fth mask and photolithography 
techniques; and 

o. optionally performing a sinter anneal so that aluminum 
deposited in step In and delineated into contact pads in 
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step n. makes good electrical contact With regions 
etched open in step 1. to access said gates, source and 
said “8” shaped region, (or alternatively on a region 
betWeen the tWo source openings from step d.). 

A simpler, three mask fabrication procedure for Inverting 
Single Device CMOS is: 

a. select intrinsic silicon as a semiconductor and groW a 
gate enabling depth, (eg. 10 to thousands of 
Angstroms), of silicon dioxide atop thereof; 

b. use a ?rst Mask to open an “8” shape through the 
silicon dioxide to the silicon, possibly including under 
cutting of the silicon dioxide, said “8” shape having 
Width and being accessable at the midpoint betWeen the 
sides of the “8” shape; 

c. deposite a material, (eg. chromium), Which When 
annealed in contact With silicon forms a junction Which 
is rectifying With either N or P-type ?led induced 
silicon, then anneal and then rinse off unreacted 
deposited, eg. Where chromium is utiliZed a mixture of 
perchloric acid and cerric ammonium nitrate and Water 
Works Well); 

d. using a second mask open regions inside each side of 
the “8” shape to the silicon, optionally including a step 
to rough up the silicon surface so as to enhance the 
ability to form an ohmic junction thereWith; 

e. deposit a material, (eg. aluminum) over the entire 
surface of the intrinsic silicon. 

using a third mask delineate device regions inside each 
side of the “8” shape from the surrounding regions, and 
to delineate the material Which contacts the midpoint 
betWeen the sides of the “8” shape from eqch of the 
sides of the “8” shape. 

A non-inverting gate voltage channel induced semicon 
ductor device can be fabricated by a procedure comprising, 
in a functional order, the steps of: 

a. providing a silicon substrate selected from the group 
consisting of: (intrinsic and doped); 

b. groWing a depth of silicon dioxide atop thereof for use 
as a gate oxide adjacent to a gate voltage induced 
channel region; 

0 . optionally implanting N or P-type channel doping 
regions; 
etching an “8” shaped pattern through said silicon 
dioxide to the silicon using a ?rst mask and photoli 
thography techniques; 

. depositing aluminum atop the silicon dioxide such that 
it contacts the silicon through said etched silicon diox 
ide; 

l'" etching open drain regions inside each of said “8” 
shaped pattern regions etched open in step d. through 
said aluminum and silicon dioxide to the silicon using 
a second mask and photolithography techniques; 

g. optionally continuing said etch performed in step f. into 
said silicon; 

Fr depositing a material Which forms rectifying junctions 
With either N or P-type silicon When in contact there 
With and annealed, and annealing to form rectifying 
junction Where said deposited material contacts said 
silicon; 

. by selective acid etching removing un-reacted material 
Which Was deposited in step h.; 

j. delineating the gates Which surround each of said drains 
from the surrounding etched “8” pattern, said gates 
being the aluminum deposited in step e. and remaining 
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present between each said drain and said “8” shaped 
pattern using a third mask and photolithography tech 
niques; 

k. depositing insulator over the entire surface of the 
structure; 

1. etching openings through said insulator to provide 
access said gates, drains and said “8” shaped region 
using a forth mask and photolithography techniques; 

In depositing aluminum over the entire surface of the 
deposited insulator; 

n. etching said aluminum deposited in step In to delineat 
tWo drains, “8” and gate contact pads using a ?fth mask 
and photolithography techniques; and 

o. optionally performing a sinter anneal so that aluminum 
deposited in step In and delineated into contact pads in 
step n. makes good electrical contact With regions 
etched open in step 1. to access said gates, drains and 
said “8” shaped region. 

(As for the case of the inverting gate voltage channel 
induced semiconductor device fabrication procedure, the 
“8” shaped region can be replaced by a simple opening 
betWeen What are the drain openings opened in step f.). 

It is to be particularly appreciated that no high cost 
diffusions are required in the above demonstrative, non 
limiting fabrication procedures, and that only ?ve photo 
lithographic masking steps are required in each. The 
optional ion implants, (When performed), serve to provide a 
channel depth region of doping and effectively form a doped 
semiconductor on insulator (the insulator being the intrinsic 
semiconductor region beyond the channel region), system 
Where intrinsic semiconductor is initially present. It is to be 
understood that current ?oW limiting, device isolating, non 
conductive intrinsic silicon is preferred, though not limiting, 
as the beginning semiconductor system for gate voltage 
channel induced semiconductor devices and that purely ?eld 
induced doping is suf?cient for operability thereof. 

It is also to be understood that fabrication procedures 
other than those described can also be practiced to the end 
that present invention inverting or non-inverting gate volt 
age channel induced semiconductor devices are realiZed, 
and that said resulting present invention inverting or non 
inverting gate voltage channel induced semiconductor 
devices remain Within the scope of the present invention. 

It is also noted that the present invention has application 
to semiconductor devices formed in Gallium-Arsonide, as 
Well as in Silicon. In particular it is dif?cult to dope GaAs 
greater than about 1018 per cm3, and aluminum does not 
form a good ohmic junction to semiconductor doped less 
than about 1020 per cm3. This greatly limits realiZation of 
devices in GaAs. HoWever, While it is dif?cult to form high 
metallurgical concentrations in N-type GaAs, it is noted that 
?eld induced concentrations can be formed in MOSFET 
type channel regions, and a highly concentrated channel 
region adjacent to a metal contact can be driven to be 
essentially ohmic by application of a suf?ciently high, 
channel region inducing, Gate voltage. The same effect, of 
course, is available to devices from in Silicon, and other 
semiconductors. 

Also, it is noted that copper or other metal can replace 
aluminum in the recited demonstrative, non-limiting fabri 
cation procedures, and that additional steps can include 
deposition of materials to help secure deposited metals and 
formed silicides etc. In fact, a feW percent copper in alumi 
num can greatly reduce electromigration effects Which can 
degrade devices in Which aluminum is used as a contact 
metal in semiconductor devices. Further, polysilicon and 
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other type gates can be formed in place of metal gates in 
present invention semiconductor devices. 

The present invention Will be better understood by refer 
ence to the Detailed Description Section of this Disclosure, 
in conjunction With the accompanying DraWings. 

SUMMARY OF THE INVENTION 

It is a purpose of the present invention to provide 
eXamples of application of material Which forms rectifying 
junctions With either N or P-type semiconductor. 

It is another purpose yet of the present invention to 
describe semiconductor devices, the operational basis of 
Which relies upon the fact that certain materials form recti 
fying junctions With either N or P-type doped 
semiconductor, Whether metallurgical or ?eld induced, in a 
manner Which compliments the description found in US. 
Pat. Nos. 5,663,584 and 5,760,449 to Welch. 

It is a further purpose yet of the present invention to teach 
simple ?ve mask fabrication procedures for inverting and 
non-inverting gate voltage channel induced semiconductor 
devices Which have operating characteristics similar to 
inverting and non-inverting multiple device conventional 
(CMOS) systems. 

It is yet another purpose of the present invention to make 
clear that any rectifying or ohmic junction structure 
geometry, Whether present in a region etched into semicon 
ductor or not, and that any gate structure, metal or polysili 
con etc. is Within the scope of present invention gate voltage 
channel induced semiconductor devices Which have operat 
ing characteristics similar to inverting and non-inverting 
multiple device conventional (CMOS) systems. 

It is still yet another purpose of the present invention to 
describe biasing and operational characteristics of devices 
Which utiliZe materials Which form rectifying junctions With 
either N or P-type semiconductor, and in particular to 
describe such operation of inverting gate voltage channel 
induced semiconductor devices formed in essentially intrin 
sic semiconductor Which have operating characteristics 
similar to inverting multiple device conventional (CMOS). 

It is a further purpose of the present invention to make 
clear that the preferred embodiment thereof includes invert 
ing and non-inverting single device equivalents to dual 
device seriesed N and P-Channel MOSFETS CMOS sys 
tems comprising tWo oppositely facing rectifying diodes in 
intrinsic, or a single doping type semiconductor, Wherein 
said rectifying diode direction of recti?cation changes 
depending upon What doping type, (N or P), be it metallur 
gically or ?eld induced, is present in the semiconductor, said 
inverting and non-inverting single device equivalents to dual 
device seriesed N and P-Channel MOSFETS CMOS sys 
tems further comprising gate means for ?eld inducing effec 
tive doping type in said semiconductor, and Wherein a 
voltage monitored at an electrical contact betWeen said 
rectifying diodes responds as a function of applied gate 
voltage, but is essentially electrically isolated therefrom. 

It is a further purpose still of the present invention to make 
clear that a semiconductor device in a semiconductor 
substrate, comprising at least one junction Which is formed 
from non-semiconductor substrate and semiconductor sub 
strate components, Wherein said junction non 
semiconductor substrate component is comprised of 
materials(s) Which form a rectifying junction With either n or 
p-type semiconductor, Whether metallurgically or ?eld 
induced, can be fabricated by any functional technique, (eg. 
procedures comprising vacuum deposition, ion-implantation 
and/or dopant deposition and diffusion, optionally combined 
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With any accompanying anneals etc.), and remain Within the 
scope of the present invention. 

It is another purpose of the present invention to describe 
application of material(s) Which form rectifying junctions 
With either N or P-type semiconductor to provide modula 
tors and non-latching SCR’s. 

Other purposes Will be evident from a reading of the 
Disclosure and Claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a typical diffused junction (MOSFET) 
con?guration. 

FIG. 2 shoWs the presence of a material in an otherWise 
(MOSFET) current pathWay. 

FIG. 3 shoWs diagramatically the recti?cation arrange 
ment system of the present invention Where metallurgical 
doping controls. 

FIG. 4 shoWs diagramatically the recti?cation arrange 
ment system of the present invention Where ?eld induced 
inverted doping controls. 

FIG. 5 shoWs a Schottky barrier (MOSFET) con?gura 
tion. 

FIGS. 6a and 6b shoW a circuit symbol and side cross 
sectional of a non-inverting gate voltage channel induced 
semiconductor single device equivalent to (CMOS). 

FIGS. 6b—6e shoW various Schottky barrier and ohmic to 
semiconductor junction geometries. 

FIGS. 6f and 6g shoWs tWo possible gate structures. 
FIGS. 7a and 7b shoW a circuit symbol and side cross 

sectional of an inverting gate voltage channel induced 
semiconductor single device equivalent to (CMOS). 

FIGS. 7b—7e shoW various Schottky barrier and ohmic to 
semiconductor junction geometries. 

FIGS. 7f and 7g shoWs tWo possible gate structures. 
FIG. 8 shoWs a top vieW of a semiconductor system 

comprising an inverting gate voltage channel induced semi 
conductor single device equivalent, and non-inverting gate 
voltage channel induced semiconductor single device 
equivalent to (CMOS), With parasitic current ?oW blocking 
material placed therebetWeen in positions Which might oth 
erWise have current ?oW therebetWeen. 

FIG. 9a shoWs that channel regions in gate voltage 
channel induced semiconductor single device equivalents to 
(CMOS) need not be physically aligned, and that electrical 
interconnection of junctions betWeen channel regions need 
not be physically geometrically betWeen said channel 
regions. 

FIG. 9b demonstrates prevention of latch-up in PNPN 
SCR devices. 

FIGS. 10 and 11 shoW operational Drain Current (ID) vs. 
Drain to Source Voltage (VDS), as a function of Gate 
Voltage (VG) for N-Channel and P-Channel (Schottky bar 
rier MOSFETS) fabricated by the Applicant herein. 

FIGS. 12a and 12b shoW, respectively, symbols for 
(CMOS) comprised of N and P-Channel MOSFETS, and a 
typical (CMOS) sWitching characteristic curve as a function 
of Gate Voltage (VG). 

FIGS. 13a and 13b shoW tWo biasing schemes for an 
inverting gate voltage channel, induced semiconductor 
single device equivalent to (CMOS). 

FIGS. 14a and 14b shoW tWo sWitching states for an 
inverting gate voltage channel induced semiconductor single 
device equivalent to (CMOS). 
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DETAILED DESCRIPTION 

Turning noW to the DraWings it is noted that discussion 
With respect to FIGS. 1—14b provide necessary or bene?cial 
background insight to the present invention. FIG. 1 shoWs a 
typical (MOSFET) con?guration of a Semiconductor (SC), 
With an Insulator (I) present atop a surface thereof, atop 
Which Insulator (I), (eg. SiO2 Where the semiconductor is 
silicon), there is present a Gate (G) metal. Also shoWn, at 
ends of a Channel Region (CHR) present under said Gate 
(G), in the Semiconductor (SC), are Source Region (SR) and 
Drain Region (DR). In conventional Diffused Junction 
(MOSFETS) the Semiconductor is of a metallurgical doping 
type (ie. N or P-type), and the Source Region (SR) and Drain 
Region (DR) are both of the opposite metallurgical doping 
type, (ie. P or N-type, respectively). When voltage is applied 
betWeen the Gate (G) and the Source Contact (S), and is of 
a polarity appropriate to invert the Semiconductor metallur 
gical doping type, then an “inverted” doping type channel 
appears in the Channel Region (CHR) and current can ?oW 

betWeen the Drain Contact (D) and the Source Contact This is as desired. (Note for general purposes that a Negative 

Polarity Voltage applied Gate to Source Will caused accu 
mulation of Holes in a (MOSFET) Channel Region, and that 
application of a Positive Polarity Voltage Gate to Source Will 
caused accumulation of Electrons in a (MOSFET) Channel 
Region. Suf?cient Positive Polarity Gate to Source Voltage 
Will “Invert” a P-type Channel Region to N-type and suf? 
cient Negative Polarity Gate to Source Voltage Will “Invert” 
an N-type Channel Region to P-type). 
While geometrically-similar to What is shoWn in FIG. 1, 

FIG. 2 shoWs an assumed Parasitic (MOSFET) formed in a 
Semiconductor (SC) surface region. ShoWn are said Semi 
conductor (SC), a Parasitic Gate (PC), Parasitic Source 
Region (PSR) and Parasitic Drain Region (PDR), insulator 
(I), and Parasitic Channel Region (PCHR). Also shoWn in 
FIG. 2 is the system of the present invention in the form of 
additional component Material (M) in the Parasitic Channel 
Region (PCHR), With associated Rectifying Regions (D1) 
and (D2) adjacent to left and right sides of said Material (M), 
in said Parasitic Channel Region (PCHR). It is important to 
note that said Material (M) forms junctions With the Semi 
conductor (SC) at tWo locations, (eg. (D1) and (D2)), and 
that said junctions are oppositely directed, (see FIGS. 3 and 
4). In the preferred embodiment of the present invention said 
Material (M) forms rectifying junctions at Rectifying 
Regions (D1) and (D2), Where said Semiconductor (SC) is 
either N or P-type because of either metallurgical or ?eld 
induced doping in the Parasitic Channel Region (PCHR). It 
is noted that the Parasitic Gate (PG) can be an interconnec 
tion trace in an integrated circuit and that the Parasitic 
Source Region (PSR) and Parasitic Drain Region (PDR) can 
be a Source and/or Drain of intended (MOSFET’s) in an 
integrated circuit, such as shoWn in FIG. 1. 
The present invention can include geometries identi?ed 

by FIGS. 1 and 2, Where the (SR) and (DR) or (PSR) and 
(PDR) and (M) regions are considered to be formed by other 
than typical N and P-type dopants. For instance, Where said 
(SR) and (DR) region in FIG. 1 are considered to be doped 
With a Mid-Bandgap Doping Material for the semiconductor 
substrate (SC) present, (eg. chromium doping in (SR) & 
(DR) in silicon (SC)), then the basic structures of present 
invention non-inverting single device With operating char 
acter characteristics similar to conventional diffused junc 
tion multiple device CMOS systems results. This can be 
appreciated by comparison of the FIG. 1 device geometry 
With the present invention device geometries shoWn in 



US 6,268,636 B1 
21 

FIGS. 6b, 6c, 6d and 66. Addition of a Midpoint (MP) to 
FIG. 1 so interpreted, results in said FIGS. 6b, 6c, 6d and 66. 
As Well, Where the geometry of FIG. 2 is interpreted to have 
the (PSR) and (PSD) regions comprised of material(s) Which 
form essentially ohmic contacts to the semiconductor sub 
strate (SC) regions, and the Material (M) is a mid-bandgap 
doping material for the semiconductor substrate (SC) 
present, (eg. Chromium (SR) (DR) in silicon (SC)), then one 
need only add a Midpoint (MP) contact to arrive at the 
present invention geometries of FIGS. 7b, 7c, 7d and 76, 
Where the (M) of FIG. 2 is the (SBFM) of said FIGS. 7b, 7c, 
7d and 76. 

FIG. 3 shoWs that Where the Semiconductor (PCHR) of 
FIG. 2 is P-type oppositely facing rectifying junctions in 
Rectifying Regions (D1) and (D2) have negative or cathode 
interconnection, and FIG. 4 shoWs that Where the Semicon 
ductor of FIG. 2 is N-type, oppositely facing rectifying 
junctions in Rectifying Regions (D1) and (D2) have positive 
or anode interconnection. The point being that Where Mate 
rial (M) is able to form a Rectifying junction With either N 
or P-type Semiconductor, a current How in the Parasitic 
Channel Region (PCHR) of FIG. 2 can not occur because 
regardless of the Polarity of a current ?oW driving voltage 
present betWeen Parasitic Drain (PD) and Parasitic Source 
(PS), a Reverse Biased diode Will appear in said Parasitic 
Channel Region (PCHR) at one or the other of Rectifying 
Regions (D1) and (D2). 

In one sense the method of the present invention involves 
designing masking and fabrication procedures, and carrying 
out steps of fabrication, such that the Material (M) shoWn in 
the FIG. 2 Parasitic Channel Region (PCHR) is present in 
regions in, for instance, integrated circuits, Wherein potential 
parasitic current ?oWs can occur but are undesirable. (It is 
noted that materials Which form rectifying junctions With 
either N or P-type semiconductor can be deposited on and 
annealed to a semiconductor substrate or deposited and 
diffused thereinto, or ion implanted thereinto and activated 
by anneal etc. An functional method by Which said material 
(s) can be placed Where desired in a semiconductor substrate 
can be practiced). 

The present invention, as applied in parasitic current ?oW 
blocking applications, ?nds relevant, though not exclusive 
application in (MOS) systems, (eg. FIG. 1), particularly 
Where Schottky barriers are utiliZed at Source (S) and Drain 
(D) of (MOSFETS) (eg, FIG. 5), and Wherein device isola 
tion can be problematic. Note, US. Pat. No. 5,663,584 to 
Welch describes (MOSFET) systems, (including single 
device equivalents to (CMOS)), Which utiliZe Schottky 
barrier junctions comprised of semiconductor and a material 
Which forms rectifying junctions With either N or P-type 
semiconductor material. Said 584 Patent is incorporated by 
reference herein and it is noted, documents conception of the 
principal behind the present invention as applied to parasitic 
current ?oW blocking. It is noted, hoWever, that the 584 
Patent disclosed isolation of Drain current How in inverting 
single device equivalents to CMOS, particularly as regards 
FIG. 10q thereof, the essence of Which is repeated in FIG. 
8 herein. (FIG. 8 shoWs that device isolation can be effected 
by material as described). FIG. 5 herein is included to 
provide general non-limiting, (other possible junction geom 
etries are as shoWn in FIGS. 6b—6e and 7b—7e), insight to a 
Schottky barrier (MOSFET) geometry con?guration. The 
major distinction of Schottky barrier (MOSFETS) is that the 
Source and Drain regions comprise Schottky barrier forming 
material (SBFM). FIGS. 6b and 7b shoW, respectively, 
non-limiting representations of non-inverting and inverting 
gate voltage channel induced semiconductor single device 
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equivalents to (CMOS), Which are described in detail in the 
584 Patent. The FIG. 6b and 7b devices are shoWn as 
fabricated upon an insulating substrate (SUB), (Which can 
comprise intrinsic semiconductor), and it is noted that the 
identi?er “MP” indicates an electrically isolated Midpoint 
terminal similar to a midpoint of a conventional (CMOS) 
system. The identi?er (CHR) identi?es Channel Region(s), 
(possibly extended (SUB) intrinsic semiconductor With ?eld 
induced doping present). Note Schottky barrier junctions in 
FIGS. 6b and 7b are shoWn as present in etched semicon 
ductor regions. Again, the shoWn junctions geometry is not 
limiting and all junctions, both Schottky barrier and ohmic 
can be formed in etched semiconductor regions, or only the 
ohmic or rectifying junctions might be present in etched 
semiconductor regions. Apurpose of using etched semicon 
ductor regions is to place junctions under a Gate to avoid 
reduced gate voltage control over channel end ?eld induced 
doping, and accompanying current ?oW limiting high 
resistance, hoWever, a similar result can be achieved by 
diffusing a material into a non-etched semiconductor 
substrate, (eg. diffuse mid-bandgap chromium into silicon, 
much like hoW boron or phospherous is diffused into silicon 
to provide P and N-type doped regions, rather than deposit 
chromium onto silicon and annealing the result to form 
chromium disilicide). 
The Inverting and Non-inverting gate voltage channel 

induced semiconductor single device equivalents to 
(CMOS) of FIGS. 7b and 6b are better described, in Words, 
in the Disclosure of the Invention Section of this Disclosure. 
FIGS. 7a and 6a shoW, respectively, circuit diagrams for 
inverting and non-inverting gate voltage channel induced 
semiconductor single device equivalents to multiple device 
conventional (CMOS), and correspond to the side cross 
sections shoWn in FIGS. 7b and 6b, respectively. FIGS. 
6c—6e and 7c—7e shoW Figures similar to FIGS. 6b and 7b 
With additional, non-limiting, junction geometries 
demonstrated, and FIGS. 6g and 7g shoW non-limiting 
polysilicon Gate Structure functional equivalents to FIG. 6f 
and 7f Gates, and are to be considered as interchangeably 
present in FIGS. 6b—6e & 7b—7e. The Gate structure is not 
determinative of the present invention, but rather the prin 
cipal of the present invention is that a material be present 
Which forms rectifying junctions With both N and P-type 
semiconductor Whether metallurgically or ?eld induced. 

It is noted With reference to the system of FIG. 6b, that if 
voltage is applied betWeen the Midpoint (MP) and one of the 
Drains (D), or With reference to FIG. 7b, if voltage is applied 
betWeen the Midpoint (MP) and one of the Sources (S), then 
application of a channel region effective doping type Gate 
(G) voltage can control the direction of recti?cation Which 
said device Would demonstrate. That is a gate voltage 
channel induced semiconductor gate voltage controlled rec 
ti?cation direction device and gate voltage controlled sWitch 
With operating characteristics similar to a non-latching Sili 
con Controlled Recti?er (SCR) is formed. As Well, it is noted 
that if Schottky barrier (MOSFETS) as shoWn in FIG. 5 are 
formed on both N and P-type semiconductor, said resulting 
P-channel and N-channel Schottky barrier (MOSFETS) can 
be combined into a (CMOS) system by electrical intercon 
nection of non-semiconductor components of Schottky bar 
riers from the tWo gate voltage channel induced semicon 
ductor devices, and electrical interconnection of the Gates. 

FIG. 8 shoWs a top vieW of a demonstrative semiconduc 
tor system (SC) comprising, sequentially, an Inverting, (see 
FIGS. 7b—7e for cross-section elevational vieW), gate volt 
age channel induced semiconductor single device 
equivalent, and a Non-inverting, (see FIGS. 6b—6e for 
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cross-section elevational vieW), gate voltage channel 
induced semiconductor single device equivalent to (CMOS), 
and a Schottky barrier (MOSFET). Note that in the Inverting 
gate voltage channel induced semiconductor single device 
equivalent to (CMOS) case parasitic current ?oW blocking 
material (M) is placed so as to effectively surround ohmic 
Sources (3), and comprises rectifying Schottky barrier Drain 
(D) junctions to the semiconductor. Unintended current ?oW 
from the Sources (S) of the Non-inverting gate voltage 
channel induced semiconductor single device equivalent to 
(CMOS) is thus blocked. It is noted that the encircling 
Schottky barrier material (M) associated With the 
(MOSFET) acts as a parasitic current blocking material 
betWeen Source (S) and Drain (D) therein and Drains and 
Sources in the Non-inverting gate voltage channel induced 
semiconductor single device equivalent to (CMOS). Note 
also the demonstrative presence of Traces (T1)—(T10) Traces 
(T1) and (T2) serve to provide electrical access to electri 
cally non-interconnected Sources (S) of the Inverting gate 
voltage channel induced semiconductor single device 
equivalent to (CMOS). Trace (T3) provides electrical inter 
connection to the Inverting gate voltage channel induced 
semiconductor device Split Gates Trace (T4) intercon 
nects electrically interconnected Drains (D) of the Inverting 
gate voltage channel induced semiconductor single device 
equivalent to (CMOS), (Which is analogically similar to an 
essentially electrically isolated, from the Gate thereof, ter 
minal in a conventional CMOS system), to the Split Gates 
(G) of the Non-inverting gate voltage channel induced 
semiconductor single device equivalent to (CMOS). Trace 
(T5) provides electrical interconnection of the loWer Source 
(S) of the Inverting gate voltage channel induced semicon 
ductor single device equivalent to (CMOS) to the loWer 
Drain (D) of the Non-inverting gate voltage channel induced 
semiconductor single device equivalent to (CMOS) and 
Trace (T6) provides access to the upper Drain (D) of the 
Non-inverting gate voltage channel induced semiconductor 
single device equivalent to (CMOS). Trace (T7) provides 
output from the electrically interconnected Sources (S) of 
the Non-inverting gate voltage channel induced semicon 
ductor single device equivalent to (CMOS). Taken in com 
bination the electrically-interconnected Inverting and Non 
inverting gate voltage channel induced semiconductor single 
device equivalents to (CMOS) can be considered an Inverter 
With an Output Buffer Stage. Voltage input at Trace (T3) Will 
control an inverted signal output at Trace (T7). Also shoWn 
is a Schottky barrier (MOSFET) With a surrounding isolat 
ing parasitic current blocking material Traces (T8), 
(T9) and (T10) provide, respectively, electrical access to 
Drain (D), Gate (G) and Source (S) thereof. Trace (T11) is 
present to shoW that “Fan-out” from the Inverting gate 
voltage channel induced semiconductor single device 
equivalent to (CMOS) is possible, and the parasitic current 
blocking material (M)shoWn thereunder is present to indi 
cate that said Trace (T11) can act as a parasitic MOSFET 
Gate and can invert semiconductor therebeneath and possi 
bly cause parasitic currents to How in said inverted semi 
conductor to a Drain (D) of a partially shoWn Forth device. 
Material (M) blocks said current ?oW as per FIGS. 2, 3 and 
4. Trace (T11), (as Well as other of the shoWn Traces), Would 
most likely be present atop a deposited insulator Which 
covers both the Material (M) and the Forth device Drain 
(Importantly, note that the Forth Device could be a blocked 
element in an effective parasitic SCR con?guration, which 
US. Pat. No. 4,300,152 identi?es can be a problem in 
diffused junction based CMOS. FIG. 9b demonstrates appli 
cation of the present invention to prevent parasitic four layer 
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PNPN, (or NPNP), SCR-like device formation from PNP 
and NPN diffused junction transistors. Material “M” blocks 
parasitic currents.) 

FIG. 9a shoWs that channel regions in gate voltage 
channel induced semiconductor single device equivalents to 
(CMOS) need not be physically aligned, and that electrical 
interconnection of junctions betWeen channel regions need 
not be physically geometrically betWeen said channel 
regions. This Figure serves to make clear that electrical 
contact to an electrical connection betWeen channel regions 
via a junction can be effected With said junction located 
anyWhere outside both channel regions. A particularly rel 
evant example is Where non-semiconductor components of 
rectifying Schottky barrier junctions to channel regions are 
electrically interconnected. The non-semiconductor compo 
nents of the Schottky barrier junctions are interconnected 
“betWeen” said channel regions, in the relevant electrical 
sense. While it should go Without saying, the Word 
“betWeen” does not in any Way imply a requirement of 
location of a junction or any other equivalent electrical 
continuity means Which is physically, geometrically invari 
antly directly betWeen channel regions. 

FIGS. 10 and 11 shoW operational Drain Current (ID) vs. 
Drain to Source Voltage (VDS), as a function of Gate 
Voltage (VG) for Schottky barrier (MOSFETS) fabricated 
by the Applicant herein. FIG. 10 is for an N-Channel and 
FIG. 11 is for a P-Channel (MOSFET). It is to be noted that 
the Applied Gate VG) and Drain to Source (VDS) voltages 
are of opposite polarities. This is in contrast to What is the 
case in all previously knoWn MOSFETS. FIGS. 12a and 12b 
shoW, respectively, symbols for (CMOS) comprised of N 
and P-Channel MOSFETS, and a typical (CMOS) sWitching 
characteristic curve as a function of Gate Voltage (VG). 

Note, said FIG. 12b sWitching characteristic also charac 
teriZes the operation of the present invention “inverting 
single device With operating characteristics similar to 
seriesed N and P-Channel MOSFETS CMOS systems”, or 
as otherWise described as “Inverting gate voltage channel 
induced semiconductor device With characteristics similar to 
multiple device Complementary Metal Oxide Semiconduc 
tor (CMOS) systems”, Where VM represents the voltage 
monitored at point (M) in present invention representing 
FIGS. 14a and 14b, just as In FIG. 12a. Further, it is noted 
voltage present at said midpoint (M) in a present invention 
inverting device sWitches oppositely the applied Gate (G) 
voltage through an “ON” side of said present invention 
inverting device, Wherein said “ON”, (ie. forWard 
conducting), side is shoWn in FIGS. 14a and 14b as being of 
approximately “O” ohms Which results from a forWard 
biased junction in series With an adjacent highly conductive 
channel region, into Which the applied Gate Voltage attracts 
carriers. FIGS. 14a and 14b also shoW the “OFF”, (-ie. 
not-forWard conducting), side of a present invention invert 
ing device has regions Which cause drop of voltages, includ 
ing an onset of pinchoff and a reverse biased junction, 
betWeen Which is a channel region. 

In the foregoing, as regards the Inverting and Non 
inverting gate voltage channel induced semiconductor single 
device equivalents to (CMOS), the rectifying Schottky bar 
rier junctions are identi?ed as Drains, and the essentially 
non-rectifying junctions are identi?ed as Sources. These 
terms utiliZed as they are familiar in (MOS) device settings, 
but it is to be appreciated that there is no conventional 
signi?cance to said designation other than to suggest that 
tWo (MOSFETS), each formed With one rectifying Schottky 
barrier junction and one ohmic junction can be combined 
into Inverting and Non-inverting gate voltage channel 
















